which spins are free to point in any direction (Fig. 1b) . The reduction in the material's Curie temperature with decreasing number of layers can be explained by the thermal excitation of vibrations called spin waves, whose energy distribution is intimately connected to the number of spatial dimensions.
The experiments reported in these papers demonstrate that ultrathin exfoliated layers of CrI 3 and Cr 2 Ge 2 Te 6 provide realizations of 2D Ising and Heisenberg ferromagnets, respectively, as envisaged by theory half a century ago 3, 4 . However, one might wonder what scientific delights this new generation of truly 2D ferromagnetic materials might bring to the sophisticated palate of the contemporary condensed-matter physicist. After all, extensive previous measurements 5, 6 of quasi-2D crystals and ultrathin epitaxial films have shown that these materials act as excellent approximations of 2D magnets. But rather than hark back to the well-understood physics of yore, these exfoliated 2D ferromagnets perhaps demand a fresh, contemporary perspective on lowdimensional magnetism.
For instance, one might imagine using these materials as building blocks to create new magnetic textures by systematically stacking Ising and Heisenberg ferromagnets into hybrid multilayers, or by draping them over curved nano-substrates to create spins that have exotic quantum-mechanical phases (Berry phases). The promise of incorporating these 2D ferromagnets into spin-based electronics and information technologies also beckons, but achieving this goal will require overcoming the extremely high bar of robust magnetic ordering at temperatures of technological relevance. Nevertheless, the opportunities and challenges of this relatively unexplored region of magnetic flatland are many, and will undoubtedly lead to surprises. ■ 
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DAV I D N . R E Z N I C K & J O S E P H T R AV I S
A daptive evolution causes populations to evolve towards a body form that is best suited to the local environment. For example, woodland populations of the snail Cepaea nemoralis have shells that are predominantly brown or pink, whereas meadow populations usually have yellow shells. The most-common shell colour is the one that most closely matches the background environment where the snail resides, and therefore offers camouflage protection from predators. However, snails with shell colours that do not match their background can also persist in these populations because predators tend to focus their search on the most-common shell colour 1 . This type of selection favouring rarity is called frequency-dependent selection. On page 285, Bolnick and Stutz 2 investigate the interaction between selection that favours the optimum and selection that favours the rare, when both come into play at the same time.
Frequency-dependent selection is best known for its role in maintaining genetic variation within populations. In guppy 3 , isopod 4 and lizard 5 populations, frequency-dependent selection can help to maintain the presence of rare males that have different appearances and mating strategies from those of the majority. Frequency-dependent selection is also the cause of the incessant evolutionary arms race between hosts and pathogens.
Host-defence mechanisms often harbour extremely high genetic variation. A classic example is the high level of sequence variation in the major histocompatibility (MHC) genes 6 , which encode proteins that bind and present peptide fragments to cells of the immune system. Pathogens evolve to evade detection by the most-common host MHC proteins, with the result that individuals with less-common versions of MHC genes prosper 7 . Yet this advantage will result in individuals with rare MHC genes becoming more common over time, and such individuals will then eventually attract the unwanted scrutiny of pathogens. The result can be an endless cycle of adaptation and counter-adaptation between hosts and pathogens 8 . Bolnick and Stutz investigated the role of frequency-dependent selection in speciation by studying the three-spined stickleback fish, Gasterosteus aculeatus. Migrating marine ancestors of G. aculeatus often adapted to become full-time residents of diverse
EVOLUTION
Differences can hold populations together
Evolution favours the body form best adapted to the local environment, but it can also favour rare forms. Stickleback experiments reveal how these two selection forces can interact, and how this can limit population divergence. See Letter p.285 
ST E P H E N M E Y E R S
B uried in deep vaults of sedimentary strata lies a rich history of our planet and, to some degree, a blueprint for its future. These sedimentary records can critically inform our understanding of diverse topics 1,2 , such as ecosystem resilience and extinction, climate change and associated planetary thresholds, and how to find fossil fuels. But reading the records is not always straightforward: solving this problem is like cracking the code of an encrypted signal. Writing in Paleoceanography, Zeebe et al. 3 demonstrate a way forward.
A well-constrained, predictable perturbation to ancient Earth's system would provide a power ful tool for cracking the code of the palaeo climate archive. By comparing the input to the system (a 'forcing' perturbation that affects climate) with the output (the sedimentary record), one could decode the fresh water environments, offering a wellcharacterized example of ecological speciation -the evolution of one species into separate species, which can occur as a by-product of adaptation to different environments.
Sticklebacks that occupy lakes differ in size, shape and diet from those found in the streams that flow into and out of those lakes. These differences (Fig. 1 ) appear in many lakestream basins 9, 10 . Such examples of parallel evolution suggest that the differences represent adaptations to living in either lakes or streams 11 . Therefore, one might expect that migrants moving from streams to lakes, or vice versa, would be outcompeted by the better-adapted residents at their destination. Moreover, it has been observed 12 that the hybrid offspring from a mating between stickle back parents from different environments have lower fitness than the residents of either parental environment. This result could imply that the exchange of genes between populations from different environments would be low, thereby moving the various resident populations down the path towards becoming separate species.
The work by Bolnick and Stutz offers a revised perspective on ecological speciation by asking whether adaptation to different environments might create a tug of war between adaptation to different habitats, which drives populations apart, and frequency-dependent selection, which holds them together. They do so by considering the fate of sticklebacks that migrate from their native habitats. Migrants face the liability of being less well adapted to the environment they migrate to, but might also gain some benefit from being a rare form that is favoured by frequency-dependent selection. The authors placed screen enclosures in lakes or streams, and introduced both lakeresident and stream-resident sticklebacks into the same cage, in a type of experiment known as a reciprocal transplant. Each enclosure contained three fish, and the researchers varied whether the resident or migrant fish was in the minority (one fish) or majority (two fish).
The fish in the minority had a 25% higher survival probability than the fish in the majority in both lake and stream habitats, regardless of the habitat from which the fish was derived. Bolnick and Stutz propose that this advantage is mediated by resource competition. Fish that reside in lakes and streams differ in their diet 10 -therefore, the fish in the minority might have more to eat than if it had been paired with another individual from its own population. The authors' results also offer a hint of frequency-dependent selection for parasite resistance. They analysed the sequence of the MHC class IIb gene, which enhances parasite resistance, in all fish, and they also measured fish parasite loads. Fish with MHC sequences that were rare in the habitat tested had lower parasite loads than those with locally common MHC genotypes.
A strange feature of the authors' results is that the stream-resident sticklebacks had higher survival rates than the lake-resident sticklebacks in both habitats. This could imply that stream-resident fish are superior and that the lake form should never arise, yet the lake form has evolved repeatedly. Bolnick and Stutz are not alone in being confronted with this conundrum. An analysis 13 of published reciprocal-transplant experiments revealed that the organisms from one environment survived better in both environments in 43% of the studies. The author of this analysis suggests that such results are a consequence of the studies not providing a complete assessment of the fitness of the two forms in both environments.
In Bolnick and Stutz's work, if lake-resident fish really are better adapted to lakes, then there must be ways in which they outperform stream-resident fish in lakes. The authors uncovered one mechanism that could tip the balance in favour of lake residents, through analysis of parasite load. Of fish that had the same version of the MHC class IIb gene, the migrants were more heavily infested with parasites than the residents, which suggests that there are some other defence-mechanism differences that aid the resident fish.
Many studies have provided examples of populations in a species adapting to different environments, and the populations becoming different from each other through the process of divergent selection. But what determines whether adaptive divergence will subsequently lead to ecological speciation? Before this report, one might have proposed a balance between the strength of divergent selection pulling populations apart and the exchange of genes between the two populations holding them together. Now, frequency-dependent selection, previously known for its role in maintaining variation in populations, has emerged as a mechanism that can hold populations together, perhaps serving like a 'glue' that limits how far different populations of a species can diverge. This insight gained by Bolnick and Stutz reveals an additional factor to consider when addressing whether divergent selection will lead to ecological speciation. ■
